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(54) FULLY SOLID SECONDARY BATTERY AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve 
charge/discharge cycle characteristics and to maintain 
high energy density by preventing the characteristics 
from being deteriorated due to expansion/contraction of 
electrodes or their brittle fracture by shock. 
SOLUTION: This fully solid secondary battery has a 
plurality of battery elements 6 disposed on a current 
collector and each made by layering a positive electrode 
1 made of an inorganic compound, a solid electrolyte 2, 
and a negative electrode 3. The plurality of battery 
elements 6 are disposed at spaces of 0.1 to 5000 |im, or 
the plurality of battery elements 6 are disposed at 
spaces not more than 5% of the total disposition width of 
the battery elements 6. The area of each battery 
element 6 is 1 jam2 to 100 cm2. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] All the solid-state rechargeable batteries characterized by arranging said two or more 
cell elements with a 0.1-5000-micrometer gap in all the solid-state rechargeable batteries that 
arranged two or more positive electrodes which consist of an inorganic compound, solid 
electrolytes, and cell elements which carried out the laminating of the negative electrode one by 
one, and prepared it on the charge collector. 

[Claim 2] All the solid-state rechargeable batteries characterized by arranging said two or more 
cell elements with 5% or less of gap of the total arrangement width of face of this cell element in 
all the solid-state rechargeable batteries that arranged two or more positive electrodes which 
consist of an inorganic compound, solid electrolytes, and cell elements which carried out the 
laminating of the negative electrode one by one, and prepared it on the charge collector. 
[Claim 3] each area of said cell element — 1micrometer2 -100cm2 it is — all solid-state 
rechargeable batteries according to claim 1 or 2 characterized by things. 

[Claim 4] The manufacture approach of all the solid-state rechargeable batteries characterized 
by cutting this cell element to plurality combining dicing, laser abb RESSHON, chemical etching, 
plasma etching, ion etching, an electron ray, or these in the manufacture approach of all solid- 
state rechargeable batteries of preparing two or more positive electrodes which consist of an 
inorganic compound, solid electrolytes, and cell elements which carried out the laminating of the 
negative electrode one by one, and formed it on a charge collector after forming a cell element 
on said charge collector. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to all the solid-state rechargeable batteries that 
prepared two or more cell elements especially on the charge collector about all solid-state 
rechargeable batteries. 
[0002] 

[Description of the Prior Art] Conventionally, as an electrolyte of various cells, although the 
electrolytic solution of a drainage system or a non-drainage system was generally used, with the 
demand of thin-shape-izing of the various electronic application devices represented by portable 
information terminal equipments, such as video photography equipment, a notebook computer, or 
a cellular phone, and a lightweight miniaturization, it replaces with the above liquefied 
electrolytes and the solid electrolyte cell using the gel electrolyte which consisted of polymeric 
materials attracts attention in recent years. Moreover, the various proposals also of the solid 
electrolyte cell using the inorganic solid electrolyte and the solid polymer electrolyte as an 
electrolyte are made. By these cells, although it is a solid-state therefore, thin shape-ization is 
attained by the approach of spreading, a laminating, etc., and positive loading to a pocket device 
is achieved. Furthermore, all the solid-state rechargeable batteries that formed the electrode 
active material and the electrolyte with the inorganic compound are also advocated as what can 
employ efficiently the merit that safety is high and the temperature use range can be taken 
extensively. 

[0003] However, in these all solid-state rechargeable battery, it is fundamentally inherent in the 
problem of the crack in the electrode which is a sintered compact, or the solid electrolyte which 
is similarly a sintered compact, i.e., the problem of a brittle fracture. That is, although it is all the 
solid state batteries that made the inorganic compound sinter therefore, the destruction 
accompanying expansion contraction of charge and discharge and the destruction accompanying 
an impact occur. Once a crack arises in large area electrode or solid electrolyte, destruction 
advances with the generating part as the starting point, soon, destruction will attain to all the 
whole solid state batteries, and the whole ****** or the whole solid electrolyte ****** will pose 
a problem with the fatal crack in all solid state batteries. 

[0004] Until now, in the rechargeable lithium-ion battery, the device of the relief valve which 
controls the structure of preventing destruction of sheathing in order to prevent the destruction 
and breakage, and the run away reaction which occurred inside the cell is advocated. Moreover, 
also when a cell is damaged completely, the defense mechanism for securing the insurance etc. 
is advocated. However, about the prevention device of the structure destruction inside a cell, it 
did not consider as a problem. Moreover, improvement of the active material itself, examination 
of the mixed ratio of the active material with which expansion contraction differs or examination 
of the adaptation material to a cell structural member, etc. was performed so that the problem 
about expansion contraction of the active material accompanying charge and discharge might be 
seen by JP,5-82131,A, JP,5-1 59803A or JP,6~338321 ,A as a cure in the system which used 
nonaqueous electrolyte. And although arranging and producing the septum containing an insulator 
between the cell elements of all solid-state rechargeable batteries was proposed (for example, 
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refer to JP,5-283055,A and JP.6-21 5753.A), all were insufficient as a solution over the 
performance degradation of all the solid-state rechargeable batteries by destruction of a cell 
element, and there was no protection about the destructive mode of all solid-state rechargeable 
batteries. 

[0005] Like JP,7-122279,A on the other hand, in a solid state battery or a set cell, since the 
design which establishes space in the interior of a cell is what is a thing aiming at the workability 
improvement in the cell which needs terminal strapping etc., or brings about flexibility in order to 
give cell voltage or the design degree of freedom of capacity by giving wiring on manufacture etc. 
in the interior of a cell, it is inadequate too from the point of the improvement in energy density. 
That is, in order to carry to a device or to raise productivity, such a configuration had to be 
taken, and since many parts which do not contribute to the energy density of a cell directly were 
included, thing sufficient as energy density was not able to be obtained. 

[0006] Therefore, this conventional cell is insufficient as a cell element which does not lower 
degradation or energy density by destruction. 

[0007] It is in this invention being made in view of the above-mentioned trouble, and that 1st 
purpose preventing property degradation of the cell produced by the brittle fracture by 
expansion contraction and the impact of the electrode of all solid-state rechargeable batteries, 
and raising a charge-and-discharge cycle property, and it is in maintaining a high energy 
consistency in the energy density of a cell as the 2nd purpose, attaining this 1st purpose. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, all the solid- 
state rechargeable batteries of this invention arranged said two or more cell elements with the 
0.1-5000-micrometer gap in all the solid-state rechargeable batteries that arranged two or more 
positive electrodes which consist of an inorganic compound, solid electrolytes, and cell elements 
which carried out the laminating of the negative electrode one by one, and prepared it on the 
charge collector. 

[0009] Moreover, in all the solid-state rechargeable batteries that arranged two or more positive 
electrodes which consist of an inorganic compound, solid electrolytes, and cell elements which 
carried out the laminating of the negative electrode one by one, and prepared it on the charge 
collector, said two or more cell elements were arranged with 5% or less of gap of the total 
arrangement width of face of this cell element. 

[0010] the above-mentioned solid-state rechargeable battery — each area of said cell element - 
- 1micrometer2 -100cm2 it is — things are desirable. 

[001 1] Furthermore, by the manufacture approach of all the solid-state rechargeable batteries of 
this invention, in the manufacture approach of all solid-state rechargeable batteries of preparing 
two or more positive electrodes which consist of an inorganic compound, solid electrolytes, and 
cell elements which carried out the laminating of the negative electrode one by one, and formed 
it on a charge collector, after forming a cell element on said charge collector, this cell element is 
cut to plurality combining dicing, laser abb RESSHON, chemical etching, plasma etching, ion 
etching, an electron ray, or these. 

[0012] [Function] It is possible to stop the brittle fracture caused with the expansion contraction 
which all solid state batteries have on the charge collector of all solid state batteries when two 
or more cell elements are arranged with a very small gap, or an impact in each cell element. 
Moreover, since the gap is very small, even when it constitutes from many cell elements, it 
cannot reduce the energy density per the area, that is, can stop the non-donor product to a 
charge-and-discharge reaction to the minimum, and can form the cell of a high energy 
consistency. 
[0013] 

[Embodiment of the Invention] Hereafter, this invention is explained using drawing. The 
configuration of the cell element in [ all ] a solid-state rechargeable battery is shown in draw ing 
1 . The cell element used as the structure into which this inserted the solid electrolyte 2 with 
the positive electrode 1 and negative electrode 3 of a pair is arranged on the charge collector 5 
with the very small clearance 4. 

[0014] A positive electrode 1, a negative electrode 3, and a solid electrolyte 2 consist of 
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ingredients shown below, respectively. Namely, as for the active material as an ingredient of 
electrodes 1 and 3, the chalcogen ghost of transition metals and the transition-metals oxide of 
Spinel structure are raised. As a chalcogen ghost, Ti02, Cr 308, and V2 05, Mn02 and Co02 An 
oxide, sulfides, such as TiS2, and VS2, FeS, etc. are raised, etc. — further — as Spinel structure 
— LiMn 204 the various transition-metals oxides represented and the part of those — various 
transition-metals oxides, such as an element permutation mold oxide and Li4 Mn 5012, and the 
part of those — an element permutation mold oxide can be used. However, from a viewpoint of 
the stability of the active material which relates to the cycle engine performance of a cell 
directly, the active material ingredient of an oxide system is desirable as an active material. 
[0015] It is using for a negative electrode 3, respectively what shows more **** potential to a 
positive electrode 1 for what is not limited especially concerning the selection, compares the 
charge and discharge potential of two kinds of transition-metals oxides, or a sulfide, and shows 
electropositive potential more, when using these ingredients as the active material of a positive 
electrode 1, or an active material of a negative electrode 3, and it is possible to constitute a 
thing with the cell voltage of arbitration. Furthermore, the need is accepted from the purpose of 
electronic conductivity assistance, and it is Sn02. Ti02 The said conductive additive is mixed 
and it considers as an electrode material. 

[0016] moreover — the inorganic solid electrolyte 2 used by this invention — LM.3 aluminum0.3 
Ti1.7(P04) 3 [ for example, ] U3.6 germanium 0.6V0.4O4 etc. — a crystalline substance solid 
electrolyte — 30LiI-41Li2 0-29P2 05 40 Lis 2 O30UI-35 B-2 03-25LiNb03, Oxide system 
noncrystalline solid electrolytes, such as 10Li2 0-25 B-2 03-1 5SiO2-50ZnO, 45LiI-37Li2 S- 
18P2 S5 and 1Li3 P04-63U2 S-36SiS2 etc., although a sulfide system noncrystalline solid 
electrolyte etc. can be used It is more desirable to use an oxide system ingredient from the 
standpoint of the stability of an active material in respect of maintenance of cycle 
charge/discharge capability ability. 

[0017] Next, arrangement of the cell element 6 to a charge collector 5 top is explained. The 
laminating of each cell element 6 is carried out on the charge collector 5 with the ingredient 
mentioned above. It forms by production of a laminated structure being able to form each 
electrode layer and a solid electrolyte layer by screen-stencil of a up to [ sheet forming or a 
charge collector ], making the formed layered product sinter with pressurization heating by the 
hotpress, and carrying out eburnation. After drying the sheet obtained after applying to the 
thickness which needs the paste of each electrodes 1 and 3 and a solid electrolyte 2 first with 
screen-stencil or a doctor blade method in the case of the former sheet forming, it degreases by 
drying on both sides of a solid electrolyte 2 by the positive/negative two electrodes 1 and 3, and 
the cell element 6 is produced with a hotpress. furthermore, this production — a positive 
electrode 1 , the negative electrode 3, and a solid electrolyte 2 — it is also possible to produce 
all by screen-stencil or sputtering under an inert atmosphere. 

[0018] Similarly the electrode paste carried out with ** forms a solid electrolyte 2 by printing, 
after performing desiccation and cleaning. Printing and desiccation cleaning of an electrode are 
further performed after desiccation and cleaning. The cell element 6 is made to sinter with a 
hotpress first. Then, junction formation of the charge collector 5 is carried out. As a charge 
collector 5, foils, such as aluminum, gold, nickel, or titanium, can be used. 

[0019] Accumulation of the cell element 6 to a charge collector 5 top is producible by calcinating 
with a hotpress too under an inert atmosphere, or joining with a paste, after installing the cell 
element 6 produced by the above-mentioned approach to up to a charge collector 5. Moreover, 
it is also possible to process the configuration and gap which each cell element 6 needs, and to 
form in them on a charge collector 5, in the electrode of the large area produced by each 
method of creating previous, with either of the approaches, such as dicing, laser abb RESSHON, 
chemical etching, plasma etching, ion etching, and an electron ray. Although the gap width of 
face of processing is producible by any technique as a design, what was especially produced by 
dicing or laser abb RESSHON is the optimal also in the production configuration and property. 
[0020] Moreover, it has a 0.1 -5000-micrometer clearance between the cell elements 6. It is 
impossible in practice from processing being difficult in a gap smaller than 0.1 micrometers. 
Moreover, it is not realistic too to arrange exceeding 5% to the width of face of the thing and the 
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cell element 6 exceeding 5000 micrometers, when a deployment of a spatial body product is 
considered. Therefore, as width of face for lowering neither the inter-electrode short circuit 
prevention after processing, nor energy density, it must be the range of 0.5-1000 micrometers. 
[0021] Moreover, as an area of the cell element 6, it is 2 1 micrometer 2-100cm from the 
absolute magnitude regulated by the precision list of processing from expansion contraction of a 
crystal. As an area which can use energy effectively from the optimal gap width of face although 
the range is suitable, it is 2 4 micrometers 2-40cm. It is desirable that it is the range. 
[0022] thus, the set cell which carried out accumulation arrangement constitutes a parallel 
circuit from on the same charge collector, and it becomes possible also for an appearance top 
and the actual condition the same to operate it as all the solid-state rechargeable batteries of a 
large area. Therefore, charge-and-discharge actuation whose ****** the charge and discharge 
current as the aggregate of the cell element 6 according to individual does not have as a cell 
capacity of all large area independent solid-state rechargeable batteries, either is carried out. 
[0023] As shown in drawing 2 , all the solid-state rechargeable batteries that used these cell 
element 6 processed the positive/negative charge collector, formed the terminal electrodes 7 
and 8, and have taken the gestalt covered or packed up by the insulating sheathing 9. Enclosure 
by thermocompression bonding and covering by resin mold are performed using the laminating 
complex film of high polymer films, such as polyethylene, polypropylene, or polyester, and 
aluminum foil as sheathing. 
[0024] 

[Example] Next, below, as the solid-state rechargeable battery of this invention was explained in 
full detail below, it was evaluated. 
[0025] (Example 1) 

It formed like <sample 1-1> each cell element. It is Li [Li0.1 Mn1.9] 04 as positive active 
material. It used, as a start raw material — Mn02 receiving — Li2 C03 etc. — the compound 
was mixed so that it might become the LirMn predetermined mole ratio 1.1:1.9, and it 
compounded by calcinating in atmospheric air at 450 degrees C - 750 degrees C. It is 30LiI- 
41Li2 0-29P2 05 as an inorganic solid electrolyte to 75 % of the weight of this active material. 
As 15 % of the weight and a conductive auxiliary, weighing capacity of the 10 % of the weight was 
carried out for ITO (In2 03:SnO 2 = 95:5), and fine particles were fully mixed. The polyvinyl 
butyral was added 5 % of the weight outside as a binder for shaping to these mixed fine particles, 
and the paste was prepared for toluene to the solvent using the ball mill. After fabricating the 
prepared paste in thickness of 100 micrometers and vaporizing a solvent, cleaning of a binder 
was performed at 350 degrees C, and the electrode was produced through baking in 650-degree 
C atmospheric air. 

[0026] On the other hand, it is Li1/Li [3 Ti5/3] 04 as a negative-electrode active material. It 
used, as a start raw material — Ti02 receiving — Li2 C03 etc. — the compound was mixed so 
that it might become the Li:Ti predetermined mole ratio 4:5, and it compounded by calcinating 
among atmospheric air at 650-950 degrees C. This negative-electrode active material is used 
and it is inorganic solid electrolyte 30LiI-41Li2 0-29P2 05 to 85 % of the weight of active 
materials as well as a positive electrode. Fine particles were mixed at 15% of the weight of a rate, 
and negative-electrode mixing fine particles were produced. The binder as well as [ as a binder 
for shaping ] a positive electrode was added 5 % of the weight outside to these negative- 
electrode mixing fine particles, and the paste was prepared for toluene to the solvent using the 
ball mill. After fabricating the prepared paste in thickness of 80 micrometers and vaporizing a 
solvent, cleaning and baking of a binder were carried out like the positive electrode, and the 
electrode was produced. 

[0027] Moreover, solid electrolyte 10Li2 0-25 B-2 03-1 5SiO2-50ZnO was mixed by the weight 
ratio 80:20 to the above-mentioned solid electrolyte, 5 weight sections addition of the binder 
was carried out like the electrode, toluene was used for the solvent, and the paste was prepared. 
Laminating spreading of the prepared paste was carried out by the thickness of 20 micrometers 
by screen-stencil on the positive-electrode baking electrode. After carrying out desiccation 
vaporization of the solvent after applying, degreasing a binder at 350 degrees C among 
atmospheric air and making three layers into one for a negative-electrode baking object in piles, 
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it is 300 - 600 kgf/cm2 with a hotpress. Pressurization baking was carried out at 450-700 
degrees C with the pressure. Fabrication of the cell element was carried out to 30mmx30mm by 
this approach. Between cell elements, accumulation arrangement is carried out to up to the 
charge collector aluminum of 100mm angle in a 0.5mm gap, similarly nine cell elements produced 
as shown in drawing 3 are pinched with the charge collector of 100mm angle, and they are 400- 
600 degrees C and 200 - 600 kgf/cm2 under an inert atmosphere. It connected with the charge 
collector with the hotpress on conditions. The terminal processed the configuration of a terminal 
and took out charge collector aluminium foil. The insulation of a charge collector was performed 
by inserting a resin film. An aluminum lamination is used as sheathing and it is a dew-point. - The 
cell element was enclosed by thermocompression bonding under the 45-degree C desiccation 
ambient atmosphere, and ten eels of all solid-state rechargeable batteries were produced. 
[0028] The rechargeable battery charging and discharging device performed charge-and- 
discharge characterization of a cell. After it charged all solid state batteries to 3.5V with the 
current of 50microA as charge conditions and the electrical potential difference reached 3.5V, 
charge was suspended and it held for 5 minutes, and after that, it discharged by the discharge 
current of 50microA to the electrical potential difference of 1.0V, discharge was suspended, it 
held for 5 minutes, and the charge-and-discharge cycle trial by the repeat of charging to 3.5V 
was performed again. Five eels were followed in evaluation of the cell engine performance by 
transition for every cycle of discharge capacity. 

[0029] Furthermore, about the five remaining eels produced on the same conditions, whenever it 
performed 25 cycle charge and discharge, the drop test to the floor line of concrete was 
performed by making into one unit combination of the direction of the 6th page of the cell which 
showed all solid-state rechargeable batteries to drawin g 3 from height of 50cm. Five every units 
each of drop tests were performed. 

[0030] One cell element was produced to 90mmx90mm by the approach shown by the 
Comparison sample 1-1> sample 1-1. Similarly ten eels of all solid-state rechargeable batteries 
equipped with a terminal and sheathing for this cell element like the example 1 were produced. 
Five eels performed charge-and-discharge cycle measurement like the example, and remainder 5 
eel performed the same drop test every 25 cycles. The cycle characteristic test result of a 
sample 1-1 and the comparison sample 1-1 is shown in drawing 4 . 

[0031] a sample 1-1 and the comparison sample 1-1 — in 25 cycle, it was checked both the first 
stage that the almost same cycle capacitance characteristics are shown. However, although 
capacity degradation advanced rapidly in the example of a comparison when it went through 150 
cycle charge and discharge, as for such degradation, samples 1 and 2 did not happen. 
[0032] This is making a cell element small and is because it becomes possible to stop the 
absolute magnitude of the expansion contraction for every cell element, so decline in the 
utilization factor inside an electrode is controlled. When the electrode after cycle progress was 
inspected, peeling of a charge collector perimeter and an electrode was checked in the 
comparison sample 1. Moreover, when the electrode surface was ground, much particle 
desorption at the time of nebula or polish was checked by the core and the periphery within the 
electrode surface, and growth of the defect inside the electrode active material accompanying 
charge and discharge was supported. The result of a drop test is shown in drawing 5 . 
[0033] In all the solid state batteries shown in the sample 1—1, capacity degradation by fall was 
hardly seen. However, by the cell which consisted of one cell element produced by the 
comparison sample 1-1, what shows extreme capacity degradation from immediately after fall of 
five units of 25 cycle eye has appeared. 

[0034] And by the comparison sample 1-1, the inclination of capacity degradation in the middle 
of a cycle is also large, and is conjectured that the whole electrode has deteriorated by the 
charge-and-discharge cycle with the defect as the starting point produced in fall. 
[0035] When the cell after a charge-and-discharge cycle was disassembled, in the case of the 
comparison sample 1-1, compared with the cycle trial which does not fall, much cracks were able 
to be checked by the result of the cycle trial including fall. Moreover, in the sample 1-1, although 
there were some which can check much cracks to some cell elements, the crack was not 
accepted in the other cell element. In order that the defect of a crack with a very small cell 
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element might be shut up in each cell element and might not spread from this to other cell 
elements by minding a very small clearance, it was checked that the cycle engine performance of 
all the whole solid state batteries is maintainable. 

[0036] As compared with one 90mmx90mm large area, it is clear that the cross section's of all 
the solid-state rechargeable batteries at the time of being accumulated in the gap exceeding 
1.5mm which is 30mm of 5% of cell elements about a cell gap on the other hand energy density 
carries out 6% or more of fall, and it excepted in the exam. 
[0037] (Example 2) 

The 30mmx30mm cell element was produced like the <sample 2-1 > example 1-1, and ten eels of 
all solid state batteries too accumulated four eels on up to the charge collector like the example 
1 in the 0.5mm gap were produced. 

[0038] The 35mmx35mm cell element was produced like the Comparison sample 2-1 > sample 2- 
1 f and ten eels of all solid state batteries that accumulated three eels on up to the charge 
collector like the example 1 in the 0.5mm gap were produced. 

[0039] The comparison sample 1 performed the charge-and-discharge cycle trial in the above- 
mentioned sample 1 list like the example 1. A result is shown in drawing 6 . 
[0040] By the charge and discharge test to 400 cycles, the capacity is falling to a maximum of 
about 60% from initial capacity in the comparison sample 2-1 by the sample 2-1 to the capacity 
variability region being only 80% in an initial capacity factor. Since the area of the cell element to 
constitute is large about 30%, this is because degradation accelerated more by destruction of the 
cell element by the expansion contraction accompanying charge and discharge. 
[0041] (Example 3) 

The cell element which consists of one 90mmx90mm piece like the <sample 3-1 > comparison 
sample 1-1 was produced. The electrode side was fixed to up to a charge collector by heating 
and pressurization like [ while ] the example 1 . This electrode was fixed in the processing 
chamber in an atmospheric-air air current, and the electrode by the YAG laser was processed. In 
processing, they are power density 1-106 J/cm2. The rate to which the cell element on an X-Y 
stage is moved was adjusted using the YAG laser of an output, and micro processing was 
performed. Processing width of face was adjusted with the focus of laser, and processed 9 ****s 
of cell elements equally. Since laser light reflected in respect of charge collector aluminum, it 
was able to leave only the charge collector and was able to be processed. It checked after 
processing that processing width of face was 2-8 micrometers by microscope observation. 
[0042] The charge collector was further attached in the cell element after this processing for 
the charge collector using heating and pressing, or a commercial conductive paste (dotite) like 
the example 1, and all solid state batteries were too produced like the example 1. the place 
which checked the charge-and-discharge property — the comparison sample 1-1 of an example 
1 — equivalent initial capacitance characteristics could be checked and it checked that there 
was no effect of cutting. 

[0043] Moreover, when the charge-and-discharge cycle capacity test and the drop test were 
performed, cycle capacitance characteristics equivalent to a sample 1-1 and the fall engine 
performance could be checked, and it has checked that it was equivalent to the thing of a large 
area, and the cycle degradation engine performance was equivalent to the sample of an example 
1 in energy density. 

[0044] Even if it was the gap where the width of face of processing produced from this with the 
cell element produced by laser processing is very small, it has checked completely functioning 
similarly in control of cell expansion contraction and degradation by the impact. 
[0045] Processing of the cell element which consists of 90mmx90mm1 piece produced like the 
<sample 3~2> comparison sample 1-1 was performed using the electron beam within the vacuum 
chamber. The energy density range is 103 - 109 W/cm2. It was processed on conditions. It 
checked that processing width of face was 0.1-0.5 micrometers by electron microscope 
observation. It finished setting up the produced cell element in the eel as all solid state batteries 
like the sample 3-1, and it performed the charge-and-discharge cycle capacity test and the drop 
test. Consequently, about control of expansion contraction and degradation by the impact, the 
same effectiveness as a sample 3-1 was checked. 
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[0046] the <sample 3-3> comparison sample 1-1 — ** — processing of the 90mmx90mm cell 
element produced similarly was performed by electron beam machining like the sample 3-2. It is 
each area of a cell element 1 micrometer as 0.1 micrometers which is the range which can 
process processing width of face with an electron beam 2 It was processed. The area with the 
effective cell element on count corresponds to 82.6% before processing. 

[0047] All solid state batteries were produced like the sample 3-1 using this cell element, and 
charge-and-discharge capacity was measured, a result — the first stage — it could check that 
it was about 80% of 90mm angle by charge-and-discharge capacity, the precision of a processing 
dimension and capacity was well in agreement, and it has checked that practical use level had 
the design by dimension convention. Therefore, when it is taken into consideration that there is a 
limit of the process tolerance of a gap, as for it becoming impossible to secure energy density 
sufficient as a cell capacity, it is obvious to micrify a cell element more than this, and it is not 
realistic. 

[0048] Therefore, if it be 0.1 micrometers or more as width of face of processing, since 
propagation of the crack which be in degradation mode inside the cell element by expansion 
contraction and the impact be intercepted by make into an upper limit width of face of the range 
which can obtain an effective area as energy density, in the improvement in the cycle engine 
performance of a cell, it be checked that it be an effective means to mind a very small gap. 
[0049] In addition, Li [Li0.1 Mn1.9] 04 which has spinel type structure in this invention, and 
Li1/Li [3 Ti5/3] 04 Although it used as an active material and 10Li2 0-25 B-2 03-15Si02- 
50ZnO etc. was used as a solid electrolyte, if it is the range which does not deviate from the 
meaning of invention, various active material ingredients and solid electrolytes can be changed. 
Moreover, in the processing approach, although processing by laser abb RESSHON was 
especially used for the example since processing by laser abb RESSHON and dicing was that 
effective when process tolerance and a mass-production process were taken into consideration, 
only depending on the width of face of processing, it does not depend for this invention on the 
approach fundamentally. Therefore, the production approach etc. is not limited to an example, 
and if it is range which does not deviate from the meaning, it can be changed variously 
[0050] 

[Effect of the Invention] As mentioned above, according to all the solid-state rechargeable 
batteries of this invention, arrange two or more cell elements with a 0.1-5000-micrometer gap, 
or From arranging two or more cell elements with 5% or less of gap of the total arrangement 
width of face of this cell element An effective area as energy density can be obtained, and 
propagation of the crack inside the cell element by expansion contraction and the impact can be 
intercepted, the electrode crack by the brittle fracture which is the degradation factor of all 
solid-state rechargeable batteries can be prevented, and cell degradation can be controlled. 
[0051] Moreover, according to the manufacture approach of all the solid-state rechargeable 
batteries of this invention, since this cell element is cut to plurality combining dicing, laser abb 
RESSHON, chemical etching, plasma etching, ion etching, an electron ray, or these after forming 
a cell element on a charge collector, the above solid-state rechargeable batteries can be 
manufactured easily. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to all the solid-state rechargeable batteries that 
prepared two or more cell elements especially on the charge collector about all solid-state 
rechargeable batteries. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to all the solid-state rechargeable 
batteries of this invention, arrange two or more cell elements with a 0.1 -5000-micrometer gap, 
or From arranging two or more cell elements with 5% or less of gap of the total arrangement 
width of face of this cell element An effective area as energy density can be obtained, and 
propagation of the crack inside the cell element by expansion contraction and the impact can be 
intercepted, the electrode crack by the brittle fracture which is the degradation factor of all 
solid-state rechargeable batteries can be prevented, and cell degradation can be controlled. 
[0051] Moreover, according to the manufacture approach of all the solid-state rechargeable 
batteries of this invention, since this cell element is cut to plurality combining dicing, laser abb 
RESSHON, chemical etching, plasma etching, ion etching, an electron ray, or these after forming 
a cell element on a charge collector, the above solid-state rechargeable batteries can be 
manufactured easily. 
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TECHNICAL PROBLEM 



[Description of the Prior Art] Conventionally, as an electrolyte of various cells, although the 
electrolytic solution of a drainage system or a non-drainage system was generally used, with the 
demand of thin-shape-izing of the various electronic application devices represented by portable 
information terminal equipments, such as video photography equipment, a notebook computer, or 
a cellular phone, and a lightweight miniaturization, it replaces with the above liquefied 
electrolytes and the solid electrolyte cell using the gel electrolyte which consisted of polymeric 
materials attracts attention in recent years. Moreover, the various proposals also of the solid 
electrolyte cell using the inorganic solid electrolyte and the solid polymer electrolyte as an 
electrolyte are made. By these cells, although it is a solid-state therefore, thin shape-ization is 
attained by the approach of spreading, a laminating, etc., and positive loading to a pocket device 
is achieved. Furthermore, all the solid-state rechargeable batteries that formed the electrode 
active material and the electrolyte with the inorganic compound are also advocated as what can 
employ efficiently the merit that safety is high and the temperature use range can be taken 
extensively. 

[0003] However, in these all solid-state rechargeable battery, it is fundamentally inherent in the 
problem of the crack in the electrode which is a sintered compact, or the solid electrolyte which 
is similarly a sintered compact, i.e., the problem of a brittle fracture. That is, although it is all the 
solid state batteries that made the inorganic compound sinter therefore, the destruction 
accompanying expansion contraction of charge and discharge and the destruction accompanying 
an impact occur. Once a crack arises in large area electrode or solid electrolyte, destruction 
advances with the generating part as the starting point, soon, destruction will attain to all the 
whole solid state batteries, and the whole ****** or the whole solid electrolyte ****** will pose 
a problem with the fatal crack in all solid state batteries. 

[0004] Until now, in the rechargeable lithium-ion battery, the device of the relief valve which 
controls the structure of preventing destruction of sheathing in order to prevent the destruction 
and breakage, and the run away reaction which occurred inside the cell is advocated. Moreover, 
also when a cell is damaged completely, the defense mechanism for securing the insurance etc. 
is advocated. However, about the prevention device of the structure destruction inside a cell, it 
did not consider as a problem. Moreover, improvement of the active material itself, examination 
of the mixed ratio of the active material with which expansion contraction differs or examination 
of the adaptation material to a cell structural member, etc. was performed so that the problem 
about expansion contraction of the active material accompanying charge and discharge might be 
seen by JP,5-82131,A, JP,5-159803,A, or JP,6-338321 ,A as a cure in the system which used 
nonaqueous electrolyte. And although arranging and producing the septum containing an insulator 
between the cell elements of all solid-state rechargeable batteries was proposed (for example, 
refer to JP,5-283055,A and JP,6-215753,A), all were insufficient as a solution over the 
performance degradation of all the solid-state rechargeable batteries by destruction of a cell 
element, and there was no protection about the destructive mode of all solid-state rechargeable 
batteries. 

[0005] Like JP,7-122279,A on the other hand, in a solid state battery or a set cell, since the 
design which establishes space in the interior of a cell is what is a thing aiming at the workability 
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improvement in the cell which needs terminal strapping etc., or brings about flexibility in order to 
give cell voltage or the design degree of freedom of capacity by giving wiring on manufacture etc. 
in the interior of a cell, it is inadequate too from the point of the improvement in energy density. 
That is, in order to carry to a device or to raise productivity, such a configuration had to be 
taken, and since many parts which do not contribute to the energy density of a cell directly were 
included, thing sufficient as energy density was not able to be obtained. 

[0006] Therefore, this conventional cell is insufficient as a cell element which does not lower 
degradation or energy density by destruction. 

[0007] It is in this invention being made in view of the above-mentioned trouble, and that 1st 
purpose preventing property degradation of the cell produced by the brittle fracture by 
expansion contraction and the impact of the electrode of all solid-state rechargeable batteries, 
and raising a charge-and-discharge cycle property, and it is in maintaining a high energy 
consistency in the energy density of a cell as the 2nd purpose, attaining this 1st purpose. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, all the solid- 
state rechargeable batteries of this invention arranged said two or more cell elements with the 
0.1-5000-micrometer gap in all the solid-state rechargeable batteries that arranged two or more 
positive electrodes which consist of an inorganic compound, solid electrolytes, and cell elements 
which carried out the laminating of the negative electrode one by one, and prepared it on the 
charge collector. 

[0009] Moreover, in all the solid-state rechargeable batteries that arranged two or more positive 
electrodes which consist of an inorganic compound, solid electrolytes, and cell elements which 
carried out the laminating of the negative electrode one by one, and prepared it on the charge 
collector, said two or more cell elements were arranged with 5% or less of gap of the total 
arrangement width of face of this cell element. 

[0010] the above-mentioned solid-state rechargeable battery — each area of said cell element - 
- 1micrometer2 -100cm2 it is — things are desirable. 

[001 1] Furthermore, by the manufacture approach of all the solid-state rechargeable batteries of 
this invention, in the manufacture approach of all solid-state rechargeable batteries of preparing 
two or more positive electrodes which consist of an inorganic compound, solid electrolytes, and 
cell elements which carried out the laminating of the negative electrode one by one, and formed 
it on a charge collector, after forming a cell element on said charge collector, this cell element is 
cut to plurality combining dicing, laser abb RESSHON, chemical etching, plasma etching, ion 
etching, an electron ray, or these. 
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OPERATION 



[Function] It is possible to stop the brittle fracture caused with the expansion contraction which 
all solid state batteries have on the charge collector of all solid state batteries when two or 
more cell elements are arranged with a very small gap, or an impact in each cell element. 
Moreover, since the gap is very small, even when it constitutes from many cell elements, it 
cannot reduce the energy density per the area, that is, can stop the non-donor product to a 
charge-and-discharge reaction to the minimum, and can form the cell of a high energy 
consistency. 
[0013] 

[Embodiment of the Invention] Hereafter, this invention is explained using drawing. The 
configuration of the cell element in [ all ] a solid-state rechargeable battery is shown in drawin g 
1 . The cell element used as the structure into which this inserted the solid electrolyte 2 with 
the positive electrode 1 and negative electrode 3 of a pair is arranged on the charge collector 5 
with the very small clearance 4. 

[0014] A positive electrode 1, a negative electrode 3, and a solid electrolyte 2 consist of 
ingredients shown below, respectively. Namely, as for the active material as an ingredient of 
electrodes 1 and 3, the chalcogen ghost of transition metals and the transition-metals oxide of 
Spinel structure are raised. As a chalcogen ghost, Ti02, Cr 308, and V2 05, Mn02 and Co02 An 
oxide, sulfides, such as TiS2, and VS2, FeS, etc. are raised, etc. — further — as Spinel structure 
— LiMn 204 the various transition-metals oxides represented and the part of those — various 
transition-metals oxides, such as an element permutation mold oxide and Li4 Mn 5012, and the 
part of those — an element permutation mold oxide can be used. However, from a viewpoint of 
the stability of the active material which relates to the cycle engine performance of a cell 
directly, the active material ingredient of an oxide system is desirable as an active material. 
[0015] It is using for a negative electrode 3, respectively what shows more **** potential to a 
positive electrode 1 for what is not limited especially concerning the selection, compares the 
charge and discharge potential of two kinds of transition-metals oxides, or a sulfide, and shows 
electropositive potential more, when using these ingredients as the active material of a positive 
electrode 1, or an active material of a negative electrode 3, and it is possible to constitute a 
thing with the cell voltage of arbitration. Furthermore, the need is accepted from the purpose of 
electronic conductivity assistance, and it is Sn02. Ti02 The said conductive additive is mixed 
and it considers as an electrode material. 

[0016] moreover — the inorganic solid electrolyte 2 used by this invention — LM.3 aluminum0.3 
Ti1.7(P04) 3 [ for example, ] Li3.6 germanium 0.6V0.4O4 etc. — a crystalline substance solid 
electrolyte — 30UI-41 Li2 0-29P2 05 40 Lis 2 O30UI-35 B-2 03-25LiNb03, Oxide system 
noncrystalline solid electrolytes, such as 10Li2 0-25 B-2 03-1 5SiO2-50ZnO, 45Lil-37Li2 S- 
18P2 S5 and 1Li3 P04-63U2 S-36SiS2 etc., although a sulfide system noncrystalline solid 
electrolyte etc. can be used It is more desirable to use an oxide system ingredient from the 
standpoint of the stability of an active material in respect of maintenance of cycle 
charge/discharge capability ability. 

[0017] Next, arrangement of the cell element 6 to a charge collector 5 top is explained. The 
laminating of each cell element 6 is carried out on the charge collector 5 with the ingredient 
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mentioned above. It forms by production of a laminated structure being able to form each 
electrode layer and a solid electrolyte layer by screen-stencil of a up to [ sheet forming or a 
charge collector ], making the formed layered product sinter with pressurization heating by the 
hotpress, and carrying out eburnation. After drying the sheet obtained after applying to the 
thickness which needs the paste of each electrodes 1 and 3 and a solid electrolyte 2 first with 
screen-stencil or a doctor blade method in the case of the former sheet forming, it degreases by 
drying on both sides of a solid electrolyte 2 by the positive/negative two electrodes 1 and 3, and 
the cell element 6 is produced with a hotpress. furthermore, this production — a positive 
electrode 1, the negative electrode 3, and a solid electrolyte 2 — it is also possible to produce 
all by screen-stencil or sputtering under an inert atmosphere. 

[0018] Similarly the electrode paste carried out with ** forms a solid electrolyte 2 by printing, 
after performing desiccation and cleaning. Printing and desiccation cleaning of an electrode are 
further performed after desiccation and cleaning. The cell element 6 is made to sinter with a 
hotpress first. Then, junction formation of the charge collector 5 is carried out. As a charge 
collector 5, foils, such as aluminum, gold, nickel, or titanium, can be used. 

[0019] Accumulation of the cell element 6 to a charge collector 5 top is producible by calcinating 
with a hotpress too under an inert atmosphere, or joining with a paste, after installing the cell 
element 6 produced by the above-mentioned approach to up to a charge collector 5. Moreover, 
it is also possible to process the configuration and gap which each cell element 6 needs, and to 
form in them on a charge collector 5, in the electrode of the large area produced by each 
method of creating previous, with either of the approaches, such as dicing, laser abb RESSHON, 
chemical etching, plasma etching, ion etching, and an electron ray. Although the gap width of 
face of processing is producible by any technique as a design, what was especially produced by 
dicing or laser abb RESSHON is the optimal also in the production configuration and property. 
[0020] Moreover, it has a 0.1-5000-micrometer clearance between the cell elements 6. It is 
impossible in practice from processing being difficult in a gap smaller than 0.1 micrometers. 
Moreover, it is not realistic too to arrange exceeding 5% to the width of face of the thing and the 
cell element 6 exceeding 5000 micrometers, when a deployment of a spatial body product is 
considered. Therefore, as width of face for lowering neither the inter-electrode short circuit 
prevention after processing, nor energy density, it must be the range of 0.5-1000 micrometers. 
[0021] Moreover, as an area of the cell element 6, it is 2 1 micrometer 2-100cm from the 
absolute magnitude regulated by the precision list of processing from expansion contraction of a 
crystal. As an area which can use energy effectively from the optimal gap width of face although 
the range is suitable, it is 2 4 micrometers 2-40cm. It is desirable that it is the range. 
[0022] thus, the set cell which carried out accumulation arrangement constitutes a parallel 
circuit from on the same charge collector, and it becomes possible also for an appearance top 
and the actual condition the same to operate it as all the solid-state rechargeable batteries of a 
large area. Therefore, charge-and-discharge actuation whose ****** the charge and discharge 
current as the aggregate of the cell element 6 according to individual does not have as a cell 
capacity of all large area independent solid-state rechargeable batteries, either is carried out. 
[0023] As shown in dr awin g 2 , all the solid-state rechargeable batteries that used these cell 
element 6 processed the positive/negative charge collector, formed the terminal electrodes 7 
and 8, and have taken the gestalt covered or packed up by the insulating sheathing 9. Enclosure 
by thermocompression bonding and covering by resin mold are performed using the laminating 
complex film of high polymer films, such as polyethylene, polypropylene, or polyester, and 
aluminum foil as sheathing. 
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EXAMPLE 



[Example] Next, below, as the solid-state rechargeable battery of this invention was explained in 
full detail below, it was evaluated. 
[0025] (Example 1) 

It formed like <sample 1-1 > each cell element. It is Li [Li0.1 Mn1.9] 04 as positive active 
material. It used, as a start raw material — Mn02 receiving — Li2 C03 etc. — the compound 
was mixed so that it might become the Li:Mn predetermined mole ratio 1.1:1.9, and it 
compounded by calcinating in atmospheric air at 450 degrees C - 750 degrees C. It is 30LiI- 
41 Li2 0-29P2 05 as an inorganic solid electrolyte to 75 % of the weight of this active material. 
As 15 % of the weight and a conductive auxiliary, weighing capacity of the 10 % of the weight was 
carried out for ITO (In2 03:SnO 2 = 95:5), and fine particles were fully mixed. The polyvinyl 
butyral was added 5 % of the weight outside as a binder for shaping to these mixed fine particles, 
and the paste was prepared for toluene to the solvent using the ball mill. After fabricating the 
prepared paste in thickness of 100 micrometers and vaporizing a solvent, cleaning of a binder 
was performed at 350 degrees C, and the electrode was produced through baking in 650-degree 
C atmospheric air. 

[0026] On the other hand, it is Li1/Li [3 Ti5/3] 04 as a negative-electrode active material. It 
used, as a start raw material — Ti02 receiving — Li2 C03 etc. — the compound was mixed so 
that it might become the Li:Ti predetermined mole ratio 4:5, and it compounded by calcinating 
among atmospheric air at 650-950 degrees C. This negative-electrode active material is used 
and it is inorganic solid electrolyte 30LiI-41Li2 0-29P2 05 to 85 % of the weight of active 
materials as well as a positive electrode. Fine particles were mixed at 15% of the weight of a rate, 
and negative-electrode mixing fine particles were produced. The binder as well as [ as a binder 
for shaping ] a positive electrode was added 5 % of the weight outside to these negative- 
electrode mixing fine particles, and the paste was prepared for toluene to the solvent using the 
ball mill. After fabricating the prepared paste in thickness of 80 micrometers and vaporizing a 
solvent, cleaning and baking of a binder were carried out like the positive electrode, and the 
electrode was produced. 

[0027] Moreover, solid electrolyte 10Li2 0-25 B-2 O3-15SiO2-50ZnO was mixed by the weight 
ratio 80:20 to the above-mentioned solid electrolyte, 5 weight sections addition of the binder 
was carried out like the electrode, toluene was used for the solvent, and the paste was prepared. 
Laminating spreading of the prepared paste was carried out by the thickness of 20 micrometers 
by screen-stencil on the positive-electrode baking electrode. After carrying out desiccation 
vaporization of the solvent after applying, degreasing a binder at 350 degrees C among 
atmospheric air and making three layers into one for a negative-electrode baking object in piles, 
it is 300 - 600 kgf/ cm2 with a hotpress. Pressurization baking was carried out at 450-700 
degrees C with the pressure. Fabrication of the cell element was carried out to 30mmx30mm by 
this approach. Between cell elements, accumulation arrangement is carried out to up to the 
charge collector aluminum of 100mm angle in a 0.5mm gap, similarly nine cell elements produced 
as shown in djrawing_3 are pinched with the charge collector of 100mm angle, and they are 400- 
600 degrees C and 200 - 600 kgf/cm2 under an inert atmosphere. It connected with the charge 
collector with the hotpress on conditions. The terminal processed the configuration of a terminal 
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and took out charge collector aluminium foil. The insulation of a charge collector was performed 
by inserting a resin film. An aluminum lamination is used as sheathing and it is a dew-point. - The 
cell element was enclosed by thermocompression bonding under the 45-degree C desiccation 
ambient atmosphere, and ten eels of all solid-state rechargeable batteries were produced. 
[0028] The rechargeable battery charging and discharging device performed charge-and- 
discharge characterization of a cell. After it charged all solid state batteries to 3.5V with the 
current of SOmicroA as charge conditions and the electrical potential difference reached 3.5V, 
charge was suspended and it held for 5 minutes, and after that, it discharged by the discharge 
current of 50microA to the electrical potential difference of 1.0V, discharge was suspended, it 
held for 5 minutes, and the charge-and-discharge cycle trial by the repeat of charging to 3.5V 
was performed again. Five eels were followed in evaluation of the cell engine performance by 
transition for every cycle of discharge capacity. 

[0029] Furthermore, about the five remaining eels produced on the same conditions, whenever it 
performed 25 cycle charge and discharge, the drop test to the floor line of concrete was 
performed by making into one unit combination of the direction of the 6th page of the cell which 
showed all solid-state rechargeable batteries to drawing 3 from height of 50cm. Five every units 
each of drop tests were performed. 

[0030] One cell element was produced to 90mmx90mm by the approach shown by the 
Comparison sample 1-1> sample 1-1. Similarly ten eels of all solid-state rechargeable batteries 
equipped with a terminal and sheathing for this cell element like the example 1 were produced. 
Five eels performed charge-and-discharge cycle measurement like the example, and remainder 5 
eel performed the same drop test every 25 cycles. The cycle characteristic test result of a 
sample 1-1 and the comparison sample 1-1 is shown in drawing 4 . 

[0031] a sample 1-1 and the comparison sample 1-1 — in 25 cycle, it was checked both the first 
stage that the almost same cycle capacitance characteristics are shown. However, although 
capacity degradation advanced rapidly in the example of a comparison when it went through 150 
cycle charge and discharge, as for such degradation, samples 1 and 2 did not happen. 
[0032] This is making a cell element small and is because it becomes possible to stop the 
absolute magnitude of the expansion contraction for every cell element, so decline in the 
utilization factor inside an electrode is controlled. When the electrode after cycle progress was 
inspected, peeling of a charge collector perimeter and an electrode was checked in the 
comparison sample 1. Moreover, when the electrode surface was ground, much particle 
desorption at the time of nebula or polish was checked by the core and the periphery within the 
electrode surface, and growth of the defect inside the electrode active material accompanying 
charge and discharge was supported. The result of a drop test is shown in drawin g 5 . 
[0033] In all the solid state batteries shown in the sample 1-1, capacity degradation by fall was 
hardly seen. However, by the cell which consisted of one cell element produced by the 
comparison sample 1-1, what shows extreme capacity degradation from immediately after fall of 
five units of 25 cycle eye has appeared. 

[0034] And by the comparison sample 1-1, the inclination of capacity degradation in the middle 
of a cycle is also large, and is conjectured that the whole electrode has deteriorated by the 
charge-and-discharge cycle with the defect as the starting point produced in fall. 
[0035] When the cell after a charge-and-discharge cycle was disassembled, in the case of the 
comparison sample 1-1, compared with the cycle trial which does not fall, much cracks were able 
to be checked by the result of the cycle trial including fall. Moreover, in the sample 1-1, although 
there were some which can check much cracks to some cell elements, the crack was not 
accepted in the other cell element. In order that the defect of a crack with a very small cell 
element might be shut up in each cell element and might not spread from this to other cell 
elements by minding a very small clearance, it was checked that the cycle engine performance of 
all the whole solid state batteries is maintainable. 

[0036] As compared with one 90mmx90mm large area, it is clear that the cross section's of all 
the solid-state rechargeable batteries at the time of being accumulated in the gap exceeding 
1.5mm which is 30mm of 5% of cell elements about a cell gap on the other hand energy density 
carries out 6% or more of fall, and it excepted in the exam. 
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[0037] (Example 2) 

The 30mmx30mm cell element was produced like the <sample 2-1 > example 1-1, and ten eels of 
all solid state batteries too accumulated four eels on up to the charge collector like the example 
1 in the 0.5mm gap were produced. 

[0038] The 35mmx35mm cell element was produced like the <comparison sample 2-1 > sample 2- 
1, and ten eels of all solid state batteries that accumulated three eels on up to the charge 
collector like the example 1 in the 0.5mm gap were produced. 

[0039] The comparison sample 1 performed the charge-and-discharge cycle trial in the above- 
mentioned sample 1 list like the example 1. A result is shown in drawing 6 . 
[0040] By the charge and discharge test to 400 cycles, the capacity is falling to a maximum of 
about 60% from initial capacity in the comparison sample 2-1 by the sample 2-1 to the capacity 
variability region being only 80% in an initial capacity factor. Since the area of the cell element to 
constitute is large about 30%, this is because degradation accelerated more by destruction of the 
cell element by the expansion contraction accompanying charge and discharge. 
[0041] (Example 3) 

The cell element which consists of one 90mmx90mm piece like the <sample 3-1 > comparison 
sample 1-1 was produced. The electrode side was fixed to up to a charge collector by heating 
and pressurization like [ while ] the example 1. This electrode was fixed in the processing 
chamber in an atmospheric-air air current, and the electrode by the YAG laser was processed. In 
processing, they are power density 1-106 J/cm2. The rate to which the cell element on an X-Y 
stage is moved was adjusted using the YAG laser of an output, and micro processing was 
performed. Processing width of face was adjusted with the focus of laser, and processed 9 ****s 
of cell elements equally. Since laser light reflected in respect of charge collector aluminum, it 
was able to leave only the charge collector and was able to be processed. It checked after 
processing that processing width of face was 2-8 micrometers by microscope observation. 
[0042] The charge collector was further attached in the cell element after this processing for 
the charge collector using heating and pressing, or a commercial conductive paste (dotite) like 
the example 1, and all solid state batteries were too produced like the example 1. the place 
which checked the charge-and-discharge property — the comparison sample 1-1 of an example 
1 — equivalent initial capacitance characteristics could be checked and it checked that there 
was no effect of cutting. 

[0043] Moreover, when the charge-and-discharge cycle capacity test and the drop test were 
performed, cycle capacitance characteristics equivalent to a sample 1-1 and the fall engine 
performance could be checked, and it has checked that it was equivalent to the thing of a large 
area, and the cycle degradation engine performance was equivalent to the sample of an example 
1 in energy density. 

[0044] Even if it was the gap where the width of face of processing produced from this with the 
cell element produced by laser processing is very small, it has checked completely functioning 
similarly in control of cell expansion contraction and degradation by the impact. 
[0045] Processing of the cell element which consists of 90mmx90mm1 piece produced like the 
<sample 3-2> comparison sample 1-1 was performed using the electron beam within the vacuum 
chamber. The energy density range is 103 - 109 W/cm2. It was processed on conditions. It 
checked that processing width of face was 0.1-0.5 micrometers by electron microscope 
observation. It finished setting up the produced cell element in the eel as all solid state batteries 
like the sample 3-1, and it performed the charge-and-discharge cycle capacity test and the drop 
test. Consequently, about control of expansion contraction and degradation by the impact, the 
same effectiveness as a sample 3-1 was checked. 

[0046] the <sample 3-3> comparison sample 1-1 — ** — processing of the 90mmx90mm cell 
element produced similarly was performed by electron beam machining like the sample 3-2. It is 
each area of a cell element 1 micrometer as 0.1 micrometers which is the range which can 
process processing width of face with an electron beam 2 It was processed. The area with the 
effective cell element on count corresponds to 82.6% before processing. 

[0047] All solid state batteries were produced like the sample 3-1 using this cell element, and 
charge-and-discharge capacity was measured, a result — the first stage — it could check that 
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it was about 80% of 90mm angle by charge-and-discharge capacity, the precision of a processing 
dimension and capacity was well in agreement, and it has checked that practical use level had 
the design by dimension convention. Therefore, when it is taken into consideration that there is a 
limit of the process tolerance of a gap, as for it becoming impossible to secure energy density 
sufficient as a cell capacity, it is obvious to micrify a cell element more than this, and it is not 
realistic. 

[0048] Therefore, if it be 0.1 micrometers or more as width of face of processing, since 
propagation of the crack which be in degradation mode inside the cell element by expansion 
contraction and the impact be intercepted by make into an upper limit width of face of the range 
which can obtain an effective area as energy density, in the improvement in the cycle engine 
performance of a cell, it be checked that it be an effective means to mind a very small gap. 
[0049] In addition, Li [LiO.1 Mn1.9] 04 which has spinel type structure in this invention, and 
Li1/Li [3 Ti5/3] 04 Although it used as an active material and 10Li2 0-25 B-2 03~15Si02- 
50ZnO etc. was used as a solid electrolyte, if it is the range which does not deviate from the 
meaning of invention, various active material ingredients and solid electrolytes can be changed. 
Moreover, in the processing approach, although processing by laser abb RESSHON was 
especially used for the example since processing by laser abb RESSHON and dicing was that 
effective when process tolerance and a mass-production process were taken into consideration, 
only depending on the width of face of processing, it does not depend for this invention on the 
approach fundamentally. Therefore, the production approach etc. is not limited to an example, 
and if it is range which does not deviate from the meaning, it can be changed variously. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

LDrawLQgJJ It is drawing of the configuration of the cell element of all solid-state rechargeable 
batteries. 

£Drawjng_2] It is drawing of the structure of all solid-state rechargeable batteries. 
[Drawing _3] It is drawing showing the direction of a drop test of all solid state batteries (one 
unit). 

[Draw _ingj4] It is drawing of all the solid-state rechargeable battery charge-and-discharge cycle 
test results of an example 1. 

[Drawing 5] It is drawing of all the solid-state rechargeable battery fall cycle test results of an 
example 1. 

[Drawing 6] It is drawing of all the solid-state rechargeable battery charge-and-discharge cycle 
test results of an example 2. 
[Description of Notations] 

1 [ ... A minute gap, 5 / ... A charge collector, 6, 6' / ... 7 A cell element (accumulation 

arrangement), 8 / ... A terminal electrode, 9 / ... Sheathing ] A positive electrode, 2 ... A solid 

electrolyte, 3 ... A negative electrode, 4 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 2] 
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[Drawing 4] 
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